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(57) ABSTRACT

A device and a method for controlling the electrical power
supply of a plurality of light sources, preferably of light-
emitting diodes, or LEDs. The plurality of light sources is
divided into at least two groups of light sources. The
invention is noteworthy in that it allows the use of a
multiphase step-up voltage converter for all the groups of
light sources, whereas the measurements of the input cur-
rents for each of the phases of the converter give a reliable
indication of the level of power required by one of the
groups being powered.
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1
SYSTEM FOR CONTROLLING THE
ELECTRICAL POWER SUPPLY OF A
PLURALITY OF LIGHT SOURCES USING A
MULTIPHASE CONVERTER

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority to the French application
1456516 filed Jul. 7, 2014, which application is incorporated
herein by reference and made a part hereof.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates to the field of the electrical power
supply of light sources, more precisely of light-emitting
diodes, or LEDs. In particular, the invention relates to a
system and method for controlling the electrical power
supply of a plurality of light sources, arranged into several
groups. Each group is powered by a series connection of a
step-up voltage converter, for example of the boost type, and
of a step-down voltage converter, for example of the buck
type, the step-up converters of all the groups operating as a
multiphase step-up voltage converter. The invention also
relates to a lighting system for an automobile vehicle

2. Description of the Related Art

A light-emitting diode, or LED, is an electronic compo-
nent capable of emitting light when it has an electrical
current flowing through it. The light intensity emitted by a
LED is in general dependent on the intensity of the electrical
current flowing through it. In the automobile field, LED
technology is increasingly being used in various lighting and
signaling solutions.

A control circuit is used to control the current through an
assembly or group of LEDs. The circuit defines the current
flowing through a branch connected as a load and compris-
ing the group of LEDs connected in series. A known solution
is to use separate control circuits powering separate groups
of LEDs, each group fulfilling a separate lighting function of
an automobile vehicle. Amongst others, such functions
comprise the high and low beam lights or the side lights. A
known solution is to power each function independently
from the other functions by a dedicated control circuit.

A dedicated control circuit comprises for example a
step-up (boost) converter followed in series by a step-down
(buck) converter. In such a case, the measurement of the
input current of a dedicated control circuit gives, at any time,
an indication relating to the output power required by the
function in question. This indication is for example used by
diagnostic means for the operation of the lighting functions
of the automobile vehicle.

It is becoming more and more common to use a multi-
phase step-up voltage converter common to each of the
lighting functions, followed in series by buck converters
dedicated by function. A multiphase converter is obtained by
connecting at the output several voltage step-up converters
having a common control. The individual step-up converters
acting as phases of the multiphase converter contribute in a
combined manner to obtaining a common output voltage.
The current consumed by each of the lighting functions is,
in this case, supplied by a common control circuit. The
measurement of the input current for each of the phases of
the multiphase step-up converter is no longer necessarily
representative of the output power required by each of the
functions. A diagnostic system using the indication supplied
by the input currents in order to deduce the state of operation
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of the respective lighting functions is no longer therefore
capable of supplying reliable diagnostic indications. Indeed,
the detection of false positives and/or false negatives may be
the consequence of the use of the intensity of the input
current of each individual step-up converter, which has now
become an unsuitable quantity.

SUMMARY OF THE INVENTION

The aim of the invention is to provide a system for
controlling the electrical power supply of a plurality of light
sources overcoming at least one of the drawbacks of the
prior art. Another aim of the invention is to provide a method
for controlling the electrical power supply of a plurality of
light sources together with a lighting system for an auto-
mobile vehicle using the control system according to the
invention.

One subject of the invention is a device for controlling the
electrical power supply of a plurality of light sources, the
plurality of light sources being divided into at least two
groups of light sources, each group having specific current
needs. The device comprises for each group a branch
comprising a converter of the voltage step-up type and a
converter of the voltage step-down type connected in series
and capable of converting an input voltage into a load
voltage. The converters of the step-up type of each branch
operate as a multiphase step-up converter. The device is
noteworthy in that it furthermore comprises control means
configured for adapting the input current of the step-up
converter of each branch according to the specific current
needs of the group connected as a load of the respective
branch.

The control means can preferably adapt the input current
of the step-up converter of each branch as a function of a
voltage value representative of the average input current of
the step-up converter of the branch and as a function of a
fraction of the average value of the output voltage Vz,os7
of the multiphase converter. Advantageously, the voltage
value representative of the average input current of a step-up
converter is an image of the average current flowing in the
inductance of the converter, this current being measured
indirectly by a voltage measurement across the terminals of
a shunt resistor.

Advantageously, the average of the output voltage
V zo00sr 01 the multiphase step-up converter may be obtained
by a proportional-integrator corrector circuit, P1.

Preferably, the control means can comprise a comparator
for each branch, which compares the voltage value repre-
sentative of the average input current of the step-up con-
verter of the branch with a fraction of the average value of
the output voltage Vs 0f the multiphase step-up con-
verter. The respective fractions define the specific current
needs of the groups connected as loads of the respective
branches. The fractions can advantageously be obtained by
voltage divider circuits.

The control means advantageously comprise interruption
means configured to interrupt the current operating cycle of
a step-up converter, if the voltage value relating to it,
representative of the average input current of the converter,
exceeds the fraction of the average value of the output
voltage Vs Of the multiphase step-up converter with
which it is compared.

Preferably, the control means can comprise detection
means designed to detect a power supply need of each of the
groups of light sources. The signal detected can be a
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message received by the detection means over a data com-
munication means, such as a CAN bus of an automobile
vehicle.

The control means can preferably comprise means
designed to switch off the step-up and step-down converters
of a branch, following the detection of a fault in the group
which is connected to it as a load.

The control means can comprise clock means connected
to the switches of each of the step-up converters and
designed to control the latter. The clock means are designed
to generate a similar clock signal for each of the converters,
the phase difference between the signals preferably being
360° divided by the number of converters.

Preferably, the control means are implemented by a single
microcontroller. Alternatively, several microcontrollers con-
nected via communication means, and preferably via a
databus of the controller area network, or CAN, type of an
automobile vehicle, can jointly implement the functions of
the control means.

The light sources are preferably light-emitting diodes, or
LEDs. Each group of light sources preferably comprises a
plurality of LEDs connected in series.

The device is preferably powered by a source of current,
preferably a battery of an automobile vehicle.

Another subject of the invention is a lighting system for
an automobile vehicle, comprising at least one device for
controlling the electrical power supply of light sources, the
plurality of light sources being divided into at least two
groups of light sources. The lighting system is noteworthy in
that the device for controlling the electrical power supply of
light sources is a device according to the invention.

Yet another subject of the invention is a method for
controlling the electrical power supply of a plurality of light
sources, the plurality of light sources being divided into at
least two groups of light sources, each group having specific
current needs, and each group being connected as a load to
a branch comprising a voltage converter of the step-up type
and a voltage converter of the step-down type, connected in
series and capable of converting an input voltage into a load
voltage. The converters of the step-up type of each branch
operate as a multiphase step-up converter. The method is
noteworthy in that it comprises the following steps:
provide an average value of the output voltage V5,57 0f the

multiphase step-up converter, within control means;
provide the specific current needs of the group connected as

a load of the respective branch, within control means; and
adapt, via the control means, the input current of the step-up

converter of each branch according to the specific current

needs of the group connected as a load of the respective
branch.

The system and method according to the invention allow
a multiphase step-up voltage converter to be used in a
common control circuit designed for the electrical power
supply of a plurality of groups of light sources. At the same
time, thanks to the invention, the measurement of the input
current of each of the step-up converters, i.e. each phase of
the multiphase converter becomes an indication representa-
tive of the output power required by a particular group of
light sources. In the case where the device according to the
invention is applied to a lighting system of an automobile
vehicle, it has the advantage that the measurement of the
input current of each phase of the multiphase step-up
converter represents a reliable indication of the level of
power required by a particular lighting function of the
vehicle at any given moment. This measurement may be
used in a known manner by existing diagnostic systems of
an automobile vehicle. The invention therefore renders the
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use of a multiphase converter, such as it is often used for
controlling LED diodes, compatible with diagnostic systems
of existing automobile vehicles. Without the invention, the
two systems exhibit inherent incompatibilities as described
hereinabove.

These and other objects and advantages of the invention
will be apparent from the following description, the accom-
panying drawings and the appended claims.

BRIEF DESCRIPTION OF THE
ACCOMPANYING DRAWINGS

Other features and advantages of the present invention
will be better understood with the aid of the description and
of the drawings, which are presented solely by way of
non-limiting examples of the invention, and amongst which:

FIG. 1 is a schematic illustration of a preferred embodi-
ment of the device according to the invention;

FIG. 2 is a schematic illustration of a preferred embodi-
ment of a detail of the system device according to the
invention;

FIG. 3 is a graphical representation of the time variation
of voltage signals measured during the operation of a prior
art device; and

FIG. 4 is a graphical representation of the time variation
of voltage signals measured during the operation of a
preferred embodiment of the device according to the inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the following part, unless otherwise stated, similar
references will be used for describing similar concepts
and/or means in different embodiments of the invention. For
example, the references 100 and 200 will be used to describe
three embodiments of the device according to the invention.

One preferred embodiment of the invention is illustrated
schematically by FIG. 1. The device 100 allows the electri-
cal power supply of a plurality of light sources, for example
light-emitting diodes, or LEDs, to be controlled. A control is
necessary since the light intensity of a LED depends on the
current flowing through it. In many applications, and par-
ticularly in the application to a lighting system of an
automobile vehicle, it is important to provide a constant
brightness for each of the lighting functions, for example the
daytime lights, the turning indicators, etc. Each of these
lighting functions comprises in general a different number of
LEDs connected in series and needs a specific current and
voltage in order to provide the desired performance charac-
teristics. The control of each lighting function, or of each
group of light sources, indicated by 10, 20 in FIG. 1, is
therefore carried out by control branches which are at least
partially independent. For reasons of clarity of the descrip-
tion, FIG. 1 only illustrates two branches CH1, CH2. It goes
without saying that a greater plurality of branches, each
branch representing a separate lighting function, may be
implemented in an analogous manner. Each branch may be
powered by the same input voltage, or by separate input
voltages. Each group of light sources 10, 20 is illustrated by
an individual LED in order to make the illustration clearer.
In reality, each of the groups 10, 20 may comprise a plurality
of LEDs connected in series.

In a known manner, each branch comprises a step-up
voltage converter of the buck type 110, 112 followed by a
step-down voltage converter of the buck type 130, 132. In
the following, the voltage step-up converters will be denoted
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as boost converters, whereas the voltage step-down convert-
ers will be denoted as buck converters. Other known archi-
tectures for converters, such as converters of the SEPIC
(“single-ended primary-inductor converter”) or flyback type
may also nevertheless be envisioned without straying from
the scope of the invention. Such converters are known per se
in the prior art and their operation will not be detailed within
the framework of the present description. The duty cycle of
the switching means of a boost converter, such as an MOS
field-effect transistor (MOSFET), allows the ratio between
the output voltage and the input voltage to be defined. The
duty cycle of the MOSFET is controlled by a clock signal
not shown. For reasons of performance, it is advantageous to
use parallel converters 110, 112, but using clock signals
phase-shifted by 360° divided by the number of converters.
The resulting duty cycle is then equal to the duty cycle of
one of the converters multiplied by the number of phases, so
as to yield the common output voltage of the multiphase
boost converter 120, indicated by V57 Alternatively, the
multiphase converter may be implemented in a know man-
ner without clock signals, for example by quasi-resonance.
The buck converters 130, 132 of each branch share in this
common reservoir for controlling the groups of light sources
10, 20.

The device comprises control means 140, such as for
example a programmable microcontroller, which is config-
ured to adapt the input current of each boost converter 110,
112. The adaptation is applied as a function of a predeter-
mined fraction of the average value of the voltage Vg 5557
observed, and also according to the specific current needs of
each group 10, 20 connected as a load of the respective
branch. If the control means are informed, for example by
means of a message received over a CAN bus of an
automobile vehicle, that a lighting function, for example
represented by the group 10, is switched off, the control
means are configured to conclude that the input current of
the branch in question will be zero. If, on the other hand, the
group 10 is switched on by a user, the control means are
configured to conclude that a specific current is to be applied
for the group 10 in question. The control means 140 use a
voltage value 111, 113 at the input representative of the
average input current of each of the boost converters 110,
112. As indicated for the converter 110, the voltage may be
measured across the terminals of a shunt resistor R, which
gives the product of the current in the MOSFET with the
value of the resistance Rg. The current in question is equal
to the current in the inductance of the converter, whose
average current corresponds to the input current of the
converter. If the voltage measured, which is an image of the
input current, exceeds a predefined fraction of the average
value of V557 the current operating cycle of the converter
in question is interrupted by interruption means 141, 143
acting on the MOSFET of the converter. The predetermined
fraction depends on the group being powered 10, 20 and on
its state (ON/OFF). This implements a sharing of the input
current between the phases 110, 112 of the multiphase
converter 120, in such a manner as to reflect the power
required by the groups of light sources attached to each
phase.

When a fault is detected in one of the groups, the whole
branch in question, including the boost and buck converter,
can be switched off by control means not shown.

More concrete implementations of the invention will be
described in the following.

FIG. 2 gives a schematic illustration of a detail of a device
according to the invention. A multiphase boost converter
220 with two phases 210, 212 is shown without limiting the

20

25

40

45

6

invention to this example. FIG. 2 also shows control means
240, only the functionalities of which useful for the descrip-
tion of the invention are shown. In order to facilitate the
understanding of the invention, it is assumed that the boost
converters 210, 212 operate in continuous mode. The cur-
rents in the inductances of the converters are therefore
positive at all times. The chopping frequency is fixed and is
imposed by the signal CLK. The clock signals CLLK1 and
CLK2 are out of phase by 180° in this example. A common
capacitor C1 is connected to the output of the multiphase
converter 220, which corresponds to the common output of
the boost converters 210 and 212.

A corrector PI gives an average of the voltage Vzs057
multiplied, in the case illustrated, by the ratio R2/(R2+R1)
according to the reference voltage Vref. The output of the
operational amplifier Oamp therefore provides the value
made available to the control means 240.

For the example of the converter 210, this value is divided
by divider means known per se in the prior art and marked
by a dashed circle, before being brought to the negative
terminal of a comparator COMP1.

On the other hand, the image of the current in the
inductance L1, compensated with the slope compensator
SLPCMP1 in order to avoid sub-harmonic oscillations, is
presented to the positive terminal of the comparator
COMP1. The current in the inductance L1 is the current of
the MOSFET measured across the terminals of the shunt
resistor RS1.

In order to illustrate the utility of this configuration,
reference is made to the graphs in FIGS. 3 and 4. FIG. 3
shows the time variation of the signals 211 and 213 con-
nected to the positive terminals of the comparators COMP1
and COMP2 respectively, in the case where the divider
means encircled in FIG. 2 were not present (the dividers
being equal to 1). The voltage signal provided by the output
of Oamp is also shown. With CLK1 and CLLK2 phase-shifted
by 180°, the duty cycle is 0.8. One chopping period of the
converter 210, 212 is illustrated. At 350 khz, the period
illustrated corresponds to 2.85 us. When the signal 211,
respectively 213, reaches the level of the signal Oamp, the
MOSFET of the converter is turned off by the signal 241,
243. This is the case at t=0.3 T for the signal 213 and t=0.8
T for the signal 211. The respective averages of the input
currents of each converter 210, 212 are therefore equal and
correspond to the average currents in L1 and [.2.

FIG. 4 shows the time variation of the signals 211 and 213
connected to the positive terminals of the comparators
COMP1 and COMP2 respectively, in the case where the
divider means encircled in FIG. 2 are present. By way of
example, the divider DIV1 is equal to 1, whereas the divider
DIV2 is equal to 1.25. The value of the voltage signal
provided by the output of Oamyp is therefore divided by 1.25
prior to being compared with the signal 213 produced by the
converter 212. With CLK1 and CLK2 phase-shifted by 180°,
the duty cycle is 0.8. A chopping period of the converter 210,
212 is illustrated. When the signals 211 respectively 213
reach the level of the signals Oampl and Oamp2 respec-
tively, the MOSFET of the converter in question is turned off
by the signals 241, 243. This is the case at t=0.3 T for the
signal 213 and t=0.8 T for the signal 211. The respective
averages of the input currents of each converter 210, 212 are
no longer equal and correspond to the different average
currents in the inductances [.1 and [.2. The peak current in
L2 is lower than the peak current in [.1. The slopes of the
signals remain unchanged with respect to the case illustrated
by FIG. 3, since, on the one hand, neither the inductance nor
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the input voltage is altered and, on the other hand, the slope
compensation does not change since the duty cycle is not
altered.

It is clear that the circuit described may be modified by
those skilled in the art in order to adapt the input currents of
the boost converters to specific applications. The dividers of
the output signal from the multiphase converter are, in this
case, adapted to the values required for each converter.

For practical reasons, for example because of the limita-
tion in output and input range of the comparators COMP1,
COMP2, it can also be useful to divide the image of the
current connected to the positive terminals of the compara-
tors, including the slope compensation, by dedicated divid-
ers. The basic principle of the current sharing remains
unchanged.

With the aid of the description presented, those skilled in
the art will be able to modify the electronic circuits
described and to create alternative circuits implementing
similar functions without however straying from the scope
of the present invention. Features described for one embodi-
ment may be combined with those of other embodiments
unless explicitly otherwise indicated.

While the system, apparatus, process and method herein
described constitute preferred embodiments of this inven-
tion, it is to be understood that the invention is not limited
to this precise system, apparatus, process and method, and
that changes may be made therein without departing from
the scope of the invention which is defined in the appended
claims.

What is claimed is:
1. A device for controlling an electrical power supply of
a plurality of light sources, said plurality of light sources
being divided into at least two groups of light sources, each
of said groups having specific current needs,
said device comprising, for each of said groups, a branch
comprising a voltage converter of the step-up type and
a voltage converter of the step-down type connected in
series and capable of converting an input voltage into
a load voltage,
in which said converters of the step-up type of said each
branch operate as a multiphase step-up converter,
wherein the device furthermore comprises control
means configured to adapt said input current of said
step-up converter of said each branch according to the
specific current needs of said group connected as a load
of said respective branch,
wherein the control means adapt said input current of said
step-up converter of said each branch as a function of
a voltage value representative of the average input
current of said step-up converter of said branch and as
a function of a fraction of the average value of the
output voltage Vz,5s7 Of said multiphase converter.
2. The device according to claim 1, wherein said control
means comprises a comparator for said each branch, which
compares said voltage value representative of said average
input current of said step-up converters of said branch with
a fraction of said average value of said output voltage
Vsoosr of said multiphase step-up converter, the respective
fractions defining the specific current needs of said groups
connected as loads of said respective branches,
and in which said control means comprises interruption
means configured to interrupt the current operating
cycle of said step-up converter if said value relating to
it exceeds said fraction of said average value of said
output voltage Vg7 0f said multiphase step-up con-
verter with which it is compared.
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3. The device according to claim 1, wherein said control
means comprises detection means designed to detect a
power supply need for each of said groups of light sources.
4. A device for controlling an electrical power supply of
a plurality of light sources, said plurality of light sources
being divided into at least two groups of light sources, each
of said groups having specific current needs,
said device comprising, for each of said groups, a branch
comprising a voltage converter of the step-up type and
a voltage converter of the step-down type connected in
series and capable of converting an input voltage into
a load voltage,

in which said converters of the step-up type of said each
branch operate as a multiphase step-up converter,
wherein the device furthermore comprises control
means configured to adapt said input current of said
step-up converter of said each branch according to the
specific current needs of said group connected as a load
of said respective branch;

wherein said control means comprises means designed to

switch off said step-up converter and said step-down
converter of said branch, following the detection of a
fault in said group that is connected to it as a load.
5. The device according to claim 1, wherein said control
means comprises clock means connected to the switches of
each of said step-up converters and designed to control the
latter, said clock means being designed to generate a similar
clock signal for each of said converters, the phase difference
between the signals being 360° divided by the number of
converters.
6. The device according to claim 1, wherein said control
means are implemented by a single microcontroller or by
several microcontrollers connected via communication
means, and via a CAN databus of an automobile vehicle.
7. The device according to claim 1, wherein said light
sources are light-emitting diodes, or LEDs.
8. A lighting system for an automobile vehicle, compris-
ing at least one device for controlling said electrical power
supply of light sources, the plurality of said light sources
being divided into at least two groups of light sources,
wherein said device is according to claim 1.
9. A device for controlling an electrical power supply of
a plurality of light sources, said plurality of light sources
being divided into at least two groups of light sources, each
of said groups having specific current needs,
said device comprising, for each of said groups, a branch
comprising a voltage converter of the step-up type and
a voltage converter of the step-down type connected in
series and capable of converting an input voltage into
a load voltage,

in which said converters of the step-up type of said each
branch operate as a multiphase step-up converter,
wherein the device furthermore comprises control
means configured to adapt said input current of said
step-up converter of said each branch according to the
specific current needs of said group connected as a load
of said respective branch;
wherein the control means adapt said input current of said
step-up converter of said each branch as a function of
a voltage value representative of the average input
current of said step-up converter of said branch and as
a function of a fraction of the average value of the
output voltage V5557 of said multiphase converter;

wherein said control means comprises detection means
designed to detect a power supply need for each of said
groups of light sources.
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10. The device according to claim 2, wherein said control
means comprises detection means designed to detect a
power supply need for each of said groups of light sources.
11. The device according to claim 1, wherein said control
means comprises means designed to switch off said step-up
converter and said step-down converter of said branch,
following the detection of a fault in said group that is
connected to it as a load.
12. The device according to claim 2, wherein said control
means comprises means designed to switch off said step-up
converter and said step-down converter of said branch,
following the detection of a fault in said group that is
connected to it as a load.
13. A device for controlling an electrical power supply of
a plurality of light sources, said plurality of light sources
being divided into at least two groups of light sources, each
of said groups having specific current needs,
said device comprising, for each of said groups, a branch
comprising a voltage converter of the step-up type and
a voltage converter of the step-down type connected in
series and capable of converting an input voltage into
a load voltage,

in which said converters of the step-up type of said each
branch operate as a multiphase step-up converter,
wherein the device furthermore comprises control
means configured to adapt said input current of said
step-up converter of said each branch according to the
specific current needs of said group connected as a load
of said respective branch;

wherein said control means comprises detection means

designed to detect a power supply need for each of said
groups of light sources;

wherein said control means comprises means designed to

switch off said step-up converter and said step-down
converter of said branch, following the detection of a
fault in said group that is connected to it as a load.

14. A lighting system for an automobile vehicle, compris-
ing at least one device for controlling the electrical power
supply of light sources, the plurality of said light sources
being divided into at least two groups of light sources,
wherein said device is according to claim 1.
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15. A lighting system for an automobile vehicle, compris-
ing at least one device for controlling the electrical power
supply of light sources, the plurality of said light sources
being divided into at least two groups of light sources,
wherein said device is according to claim 2.

16. A lighting system for an automobile vehicle, compris-
ing at least one device for controlling the electrical power
supply of light sources, the plurality of said light sources
being divided into at least two groups of light sources,
wherein said device is according to claim 3.

17. A lighting system for an automobile vehicle, compris-
ing at least one device for controlling the electrical power
supply of light sources, the plurality of said light sources
being divided into at least two groups of light sources,
wherein said device is according to claim 4.

18. A lighting system for an automobile vehicle, compris-
ing at least one device for controlling the electrical power
supply of light sources, the plurality of said light sources
being divided into at least two groups of light sources,
wherein said device is according to claim 5.

19. The device according to claim 4, wherein said control
means comprises clock means connected to the switches of
each of said step-up converters and designed to control the
latter, said clock means being designed to generate a similar
clock signal for each of said converters, the phase difference
between the signals being 360° divided by the number of
converters.

20. The device according to claim 4, wherein said control
means are implemented by a single microcontroller or by
several microcontrollers connected via communication
means, and via a CAN databus of an automobile vehicle.

21. The device according to claim 4, wherein said light
sources are light-emitting diodes, or LEDs.

22. A lighting system for an automobile vehicle, compris-
ing at least one device for controlling said electrical power
supply of light sources, the plurality of said light sources
being divided into at least two groups of light sources,
wherein said device is according to claim 4.
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